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SOYBEAN APHID: 
MEETING THE CHALLENGES OF CLONE WARFARE 
Ken Ostlie 
Extension Entomologist 
University of Minnesota 
Introduction 
The soybean aphid (Aphis glycines Matsamura) made its presence 
known in the U.S. during the summer of 2000. Over the last 3 years , 
this native of eastern Asia has quickly established itself as a key pest 
of soybean. Several features make the soybean aphid a "pest to be 
reckoned with", including its winter hardiness, short and long-range 
dispersal capabilities, tremendous reproductive potential through 
cloning, and its physiological impact on soybean. In a crop already 
struggling against increasing disease pressure and questionable profitability, the soybean aphid 
has the potential to reshape soybean production. Both growers and their agricultural advisors 
wonder if and how they'll survive the "clone wars." 
Invading species are one large question mark 
and soybean aphid is no exception. Questions 
abound: What is it? Why is it a concern? 
Where are problems likely to occur7 What 
damage can it cause on soybean? How can I 
tell if my field will have a problem? What can 
I do to manage soybean aphid? After three 
years, entomologists are in a position to begin 
answering these questions. My goal today is 
to provide critical information on population 
dynamics of soybean aphid, the management 
challenges it poses, and the latest information on Fig. 1. U.S. distribution of soybean aphid. 
how to manage the challenges of clone warfare. 
Soybean Aphid Biology - A Primer on Population Dynamics and Clones 
Successful management begins with the old adage "Know your enemy", so let's focus first on 
understanding aphid biology and population dynamics. The soybean aphid splits it life cycle 
between two hosts. During the fall winter and spring, the aphids occur on invasive, woody, 
understory trees called buckthorn (Rhamnus spp.). In the spring, aphids hatch from eggs and 
begin building up numbers on buckthorn. In the summer, winged females (alates) disperse from 
buckthorn to colonize soybean and a few other hosts . What really sets the soybean aphid apart 
from other corn and soybean insects can be summarized in one word "clones". 
Females give birth to 3-4 live young per day, who in turn mature in just 4-5 days and begin 
producing their own young. As this pyramid scheme goes terribly wrong, wingless females 
called apterae, predominate. Crowding, declining host quality, and changing day length can 
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trigger these females to produce young that will develop wings and leave. These dispersing 
alates colonize other plants in the field, nearby fields, or may leave in mass migrations to 
colonize other soybean growing areas. Populations continue to build until checked by weather, 
predation, disease, or emigration. Later in the summer, males appear and both sexes colonize 
buckthorn where mating takes place and eggs are laid to survive the winter. 
This pattern of initial colonization, re-distribution, and cloning leads to dramatic population 
increases (see graph below). Populations frequently double every 2-3 days in the field. It's this 
reproductive potential that makes management of the soybean aphid so challenging. 
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Fig. 2. Population dynamics of soybean aphid in a soybean field near Houston, MN (just 
north of Decorah, IA) in 200l(F. Breitenbach). 
Factors Influencing Population Dynamics in a Field 
Population dynamics in a field are incredibly diverse and unpredictable at the outset of the 
season. Colonization of soybean can occur at any time after emergence. Obviously the 
magnitude of colonization reflects the density of overwintering eggs, winter survival, spring 
reproduction on buckthorn, field proximity to buckthorn, and the relative area of buckthorn 
infested woods to soybean. Soybean aphid eggs laid under the bud bracts are relatively winter 
hardy with winter survival in Minnesota and possibly Iowa varying with winter severity 
(temperature and snowcover) (Fig. 3). Predation of aphids on buckthorn by lady beetles may be 
another important determinant of initial colonization density 
After 3 years of watching infestations develop in Minnesota, three different patterns of 
colonization have emerged across the state. Early colonization (VC-V3) of soybean occurs in 
SE Minnesota, which is more heavily wooded, and in SW Minnesota along protected fields or 
near wooded streams. The magnitude of this early colonization probably reflects winter survival 
and success of spring buildup on buckthorn. Mid-season colonization (late vegetative stages), 
which predominates farther west and north, builds on the success of the early colonizers as their 
alates re-distribute locally and engage in limited long-distance transport. Finally this blends into 
late-season infestations of NW and western Minnesota with more long-distance transport. The 
seasonal pattern of alate production is illustrated below (Fig. 4). 
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Fig. 3. Year-to-year variation in overwintering success of soybean aphid in Minnesota. 
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Fig. 4. Alate (winged aphid) occurrence in Minnesota soybean fields 
Several factors influence the rate of population buildup in the field: 
• Planting date- Earlier planted fields (late April, early May) tend to attract greater 
colonization by aphids dispersing from buckthorn while mid and late planting dates tend 
to attract greater colonization later in the summer and may achieve higher population 
levels. Second crop soybean fields, e.g. , soybean after peas, are incredibly attractive to 
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summer alates. 
• Duration and intensity of colonization - Success on buckthorn is a prime determinant of 
the duration and intensity of colonization and may explain the difference in infestations 
between 2002 and 2003. However, very little is known about this dimension of the life 
cycle. 
• Host quality I resistance - Little is known about the role of host quality or how soybean 
varieties differ in their attractiveness or resistance (antibiosis) to soybean aphid. Field I 
greenhouse evaluations that began this year suggest differences occur among varieties but 
the work is just beginning. 
• Natural enemies- Both lady beetles and minute pirate bugs have been implicated in 
retarding aphid buildup, depending on their abundance when aphids are colonizing and 
establishing. However, gathering and using this information in treatment decisions is a 
problem. 
• Rainfall - Heavy early-season rainfall appears to reduce aphid numbers in small soybean 
but information is largely anecdotal so far. Later-season rainfall may be helpful in 
triggering fungal disease outbreaks in soybean aphid populations. 
• Temperature - Asian literature suggests that soybean aphid is a temperate insect whose 
reproductive rate diminishes as temperatures climb. Recent research at the U of M 
(McCornack, Venette & Ragsdale) indicates that survival declines as temperatures 
increase with no survival or reproduction after ll days at 9SOF (see Fig. 5). 
Reproductive rates are relatively constant from 68 to 77 °F with a 30% drop at 86°F The 
optimal combination of female survival and reproduction occurs at ca. 82°F when the 
doubling time is ca. 1.4 days. These data suggest that summer temperatures may play an 
important role in regulating seasonal population dynamics. The timing and duration of 
both cooler and warmer summer temperatures could have profound effects on population 
increase. 
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Fig. 5. Survival and reproductive rates of soybean aphid at different temperatures 
(McCornack, Ragsdale, and Verrette, pers. comm.). 
Impacts of Soybean Aphid 
Soybean aphids affect yield in various ways. 
• Remove plant sap. Aphids use their piercing, sucking mouthparts to tap the 
phloem (plant plumbing that carries products of photosynthesis) and remove 
plant sap. This deprives the soybean plant of energy and building blocks used for 
growth and yield. Effects may snowball. For example, soybean plants infested early 
may become stunted, which reduces future light interception by the canopy and 
compounds the potential for yield loss. Alternatively, soybean yield is resilient 
since compensation may occur during later reproductive stages, if soybean aphids 
are controlled. 
• Disrupt photosynthesis. Initial research suggests populations as few as 50/leaflet 
may cause a 30-50% drop in photosynthetic rates. If further research confirms 
that aphids are disrupting photosynthesis, we may need to be more aggressive in 
protecting photosynthetic capacity, especially if effects are not transitory. 
• Alter light interception. Excess plant sap is defecated by soybean aphids. In large 
numbers, the prevalence of this "honeydew" dropping on lower leaves may alter 
their light interception. In addition, sooty molds that colonize the sticky, sugary 
leaf surface may further reduce light interception. 
• Transmit disease. A variety of viral diseases may be transmitted to soybean from 
other crop legumes or wild legume hosts. 
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• Accentuate nutrient deficiency. Where soils are borderline or deficient in potassium, 
feeding by soybean aphids may result in potassium deficiency symptoms in upper 
expanding leaves. The implications of this deficiency condition are not known. 
The magnitude of yield loss is surprising to many growers considering the small size of soybean 
aphids and the relative lack of symptoms expressed by the soybean plant. Results of field 
trials comparing yields of sprayed and unsprayed strips hint at the general magnitude of this 
loss. Preliminary results collected by the University of Minnesota indicate an average return 
to spraying of?.? bu/acre over 7? fields with a range from 0 to 7? bu/acre. The actual impact of 
soybean aphid may be greater since the timing of these sprays may not have been optimal and 
some resurgence of aphids was observed in many fields. 
Studies of selected fields in 200 l and 2002 indicate that soybean aphid primarily affects yield 
through reduction in pod set and lesser effects on seeds per pod and seed weight (Fig. 6). 
The magnitude of response by these yield component depends on the timing of colonization 
and population increase compared to soybean phenology, when the insecticides release aphid 
pressure on the plant, and the duration of soybean protection by the insecticide. Populations 
increasing in early through mid july will affect primarily pod set while those peaking in early 
through mid August are more likely to affect seed weight. 
Challenges to Successful Clone Warfare 
Soybean aphid poses several challenges to successfully protecting the soybean crop: broad 
window of colonization (and scouting demands), dispersal capabilities, and reproductive 
potential. Soybean aphids seem well suited to exploiting soybeans wherever they occur within 
the landscape. In areas with repetitive soybean aphid problems, the question is not "IP" but 
"When" soybean aphids will appear. The window of colonization may span from shortly after 
emergence through midAugust. That's quite a broad window for scouting since populations are 
capable of doubling every 2- 3 days under field conditions and sampling resources are limited. 
Populations may explode from relatively insignificant (lOs of aphids per plant) to threatening 
(lOOOs of aphids per plant) in one to two weeks. 
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Fig. 6. Soybean aphid effects on yield and yield components in 2001 (Ostlie). 
What's in the Weapons locker? 
Ideally it would be nice to keep soybean aphid populations in check with a variety of 
management tactics, including soybean variety resistance, biological or natural control, cultural 
practices, and, if needed, insecticides. Unfortunately with newly invasive species like soybean 
aphid, it takes time to evaluate germ plasm, assess the role of natural enemies, search for 
biological control agents to introduce, and determine what production practices diminish or 
inadvertently enhance soybean aphid populations. Insecticides, therefore , are usually the initial 
management choice, despite health, environment, and resistance concerns, because there are no 
other viable options. 
The Insecticide Option 
Soybean aphids are not difficult to kill, but several factors make insecticide control more 
challenging. 
1. Soybean aphids are distributed throughout the plant. During vegetative stages, aphids 
are more concentrated on rapidly growing parts of the plant, such as the expanding leaves 
at the top of the main stem and on branches. During reproductive stages, an increasing 
proportion of the aphids are found in the middle of the canopy on leaves with developing 
pods or where leaves are senescing. The majority of the aphids are feeding and active on 
the underside of the leaves. Spray penetration and coverage may be an important issue, 
especially later in the season when the canopy is well developed and the bulk of the 
aphid population is lower in the canopy. 
2. Every survivor is or will become a reproducing female within S days. During the 
summer, the population is essentially all female. Given the reproductive rate of soybean 
aphid, survivors may be important contributors to resurgence of aphid populations after 
sprays. 
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3. Colonization by soybean aphids may still be underway During vegetative stages, soybean 
is adding 1 to 2 new, untreated leaves per week that are open to colonization if it's still 
underway 
4. Insecticides exert more severe mortality on beneficial insects. Greater mobility of 
predators and parasites usually leads to significantly higher mortality Aphid survivors 
and new colonists are released from control by natural enemies and may rebound at a 
faster rate. 
Note: Aphids are notorious for developing resistance to insecticides. The factors outlined here 
are likely to speed development of resistance. The combination of cloning and dispersal make 
the spread of resistance, if it occurs, a nightmare. 
Choices 
The insecticides labeled for soybean aphid are presented below: 
Insecticide* Rate Cfl oz/ A) REI PHI Class*** 
**Asana XL 5.8- 9.6 fl oz 12 hrs 21 days Pyr 
* *Baythroid 2.8 fl oz 12 hrs 45 days Pyr 
dimethoate (see label) 48 hrs 21 days OP 
**Furadan 4F 0.5 ptlacre 48 hrs 21 days Carb 
* *Lorsban 4E 1.0- 2.0 pt 24 hrs 28 days OP 
**Mustang Max 3.4- 4.3 oz/acre 12 hrs 21 days Pyr 
**Penncap-M 2FM 2.0- 3.0 pt. 4 days 20 days OP 
**Pounce 3.2EC 4.0- 8.0 fl oz 12 hrs 60 days Pyr 
**Warrior T 1.92- 3.84 fl oz 24 hrs 45 days Pyr 
* Note bee precautions on label 
* * Restricted-use insecticides 
* * * Insecticide classes: Carb = carbamate, OP = organophosphate, Pyr = pyrethroid 
Performance 
The performance of insecticides depends on several factors: soybean aphid population (density, 
colonization, canopy distribution), the soybean crop (canopy development, crop phenology), the 
weather (temperature, rainfall) and application logistics (air vs ground, carrier volume, nozzle 
type, pressure, speed). For a specific study, these are the backdrop for the efficacy comparison 
but crucial for understanding why products may vary in performance from study to study The 
insecticides themselves may differ in their initial efficacy, residual protection of the treated 
canopy from survivors and colonists, and their repellency of subsequent colonists. To illustrate 
these effects I've chosen two studies: one from west central Minnesota in 2002 (Fig. 7) and one 
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from east central Minnesota in 2003 (Fig. 8). 
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Fig. 7. Insecticide performance against soybean aphid in northwest Minnesota. Insecticides 
applied on Aug. 1 in 20 gpa to ca. 50 aphids per plant in a chest-high canopy (Vl3, R3) 
(Holen, Holen, Noetzel and Holder). 
Aphid populations were increasing during this study with the untreated check reaching just 
over 700 aphids per plant (Fig. 7). Insecticides differed markedly in their performance by 28 
days after treatment (DAT). Dimethoate provided little protection while Lorsban 4E (1 pt./A) 
provided initial control ( 4 DAT) but was rapidly re-colonized beginning 7 DAT. Mustang 1.5E 
(4.0 oz/A) and PenncapM (1 qt./A) provided slightly longer protection (7 DAT) before numbers 
began to increase. Mustang l.SE (4.3 oz/A), Lorsban (1.0 qt./A), and Warrior (1.9 oz/A) 
provided acceptable control with numbers reaching just over 100 aphids/plant 28 DAT. Warrior 
(3.8 oz/A) and both rates of Asana XL (6.4 and 9 oz/A) provided excellent control for the entire 
28 DAT. 
A worst-case scenario for insecticide performance is presented in Fig. 8. In this study, soybean 
aphids were rapidly colonizing double-cropped soybeans after peas. With this intense 
colonization, application rates at the low end of the labels, and rapid soybean growth underway; 
this study provided an acid test for residual activity. Insecticides were applied when the 
population reached ca. 315 aphids per plant on V3 soybean. Within 17 days, all insecticide 
treatments were back above the threshold of 250 aphids per plant. However, its what happened 
in between that illustrates how the products differ. Lorsban provided a quick kill (see 1 day 
comparison) but was rapidly re-colonized (see rapid rebound at 4 and 7 days). Warrior provided 
the next fastest speed of kill (see 4-day counts) , but note the jump in aphid numbers between 7 
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and 17 days. Mustang Max, Baythroid and Asana XL achieved their lowest population density 
at day 4 also. While their levels were higher than Warrior, populations showed less increase 
between 4 and 7 DAT. By 17 DAT, all pyrethroids (Warrior, Asana, Baythroid, Mustang), except 
Pounce, exhibited similar population levels . Pounce was less effective than the other pyrethoids 
throughout the duration of the study The take-home message from this study is simply: 
• Under heavy colonization pressure, insecticides only provide a brief window of 
protection lasting less than two weeks and fields may need to be re-treated. 
• Speed of kill falls into 3 groups: Lorsban fastest (<24 hours due to volatility), Warrior 
intermediate (ca. 2-3 days) , Asana, Baythroid, and Mustang peak between 4 and 7 days. 
• These results may help explain product performance complaints since fields may be 
checked before kill is complete. Other factors contributing to performance complaints 
include the inverse temperature relationship with pyrethroid efficacy (as temperature 
increases , kill decreases), and applicator shortcuts to cover more acreage (e.g., reduced 
carrier volume, higher plane altitude for wider swath widths) . 
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Fig. 8. Insecticide performance against soybean aphid on double-cropped soybeans after 
peas. Applied in 20 gpa water on july 23 against ca. 315 aphids per plant on V3 soybean. 
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Air vs Ground 
Concerns about insecticide coverage prompted an initial recommendation to apply by ground, 
if possible. Research conducted in 2002 comparing air vs. ground application on full canopy 
(chest high) and open canopy (soybeans after peas) indicate these initial concerns were 
unfounded. While ground application provided slightly better efficacy, control was essentially 
equivalent from a practical perspective . That's good news because in an application crunch 
like we experienced this year, farmers don't need to be constrained by application technology 
However, growers and applicators should still be concerned that application is done well. 
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Fig. 7. Comparison of efficacy of aerial vs ground insecticide application in Minnesota in 
2002. 
A. Full canopy soybeans near Fergus Falls, MN. Warrior T applied at a rate of 3 oz/A in 
12 gpa ground vs 5 gpa air onjuly 30 (Holen, Holen, Noetzel & Holder). 
B. Soybeans after peas near Hector, MN. Warrior T applied at a rate of 3 oz/A in 15 gpa 
ground vs 5 gpa air on Aug. ?? ( Ostlie) 
RoundUp Ready Tank Mix 
Another frequent question in 
Minnesota is how tankmixes with 
a post-emergence herbicide, such 
as Roundup or generic equivalent, ~ 
'" might affect insecticide efficacy The Q. ~ 
concern here is not antagonism that 0 
·;;; 
might reduce insecticide performance , ill 
Q 
but if an application with lower water 
volume, larger droplet size might 
reduce efficacy Results of our 2002 
study suggest that there i.s a slight 
sacrifice in performance, 92.5% 
control for sequential applications vs. 
88.4%. 
10000~----------------------------------~ 
Aug. 10 Count 2087 
Sequential TankMix Untreated 
Fig. 8. Comparative efficacy of Warrior applied as a 
tank:mix or sequentially with RoundUp UltraMax on 
July 31 to ca. 1800 aphids/plant on V 6 soybean. 
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Sampling 
Sampling remains a primary concern give the wide scouting window and limited sampling 
resources. At this time researchers are examining both the distribution of aphids within the 
field and within plants to determine an optimal sampling approach. Preliminary data suggests 
that the edge effect observed with some aphids is not a predominant feature with soybean 
aphids. Aphid distribution within the plant indicates that plucking of single leaflets is not a 
viable sampling method for predicting aphid populations on the plant. Currently we are still 
emphasizing a whole plant examination. 
Treatment thresholds 
Currently Midwest entomologists are advocating a treatment threshold in the range of 200-250 
aphids per plant. This is a static threshold and essentially a place-holder for a research-based 
threshold. Functionally it seems to give the majority of growers a positive return on their 
insecticide investment, suggesting that it could be lowered. The rapid pace at which soybean 
aphid populations double in the field also argues for a lowering of treatment thresholds to reflect 
logistical delays in getting the field sprayed. Inevitably I believe that decision aids that project 
population increases will allow growers to realistically build in these population dyanamics. 
By the time I give this presentation, I expect improved yield data will provide me a better 
opportunity to discuss the issue of thresholds. 
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